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(57) Abstract: A method and an appar-
atus for drying moist material (1) by an
apparatus including a drier (2). Prior to
feeding the material (1) to the drier (2),
the material is preheated to an elevated
temperature in a preheater (9) based on
recuperative indirect heat transfer,
wherein the latent energy released in a

phase transition from the vapor phase

to the aqueous phase of the water vapor
included in the exhaust gas (8) is trans-
ferred to the preheating of the moist
material.
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METHOD AND APPARATUS FOR DRYING MOIST MATERIAL

FIELD OF THE INVENTION

The invention relates to a method as defined in the
preamble:of claim 1. Further, the invention relates to

an apparatus as defined in the preamble of claim 13.

BACKGROUND OF THE INVENTION
Known from the prior art, for example from publica-
tions FI: 105130 B, US, 415,527 and EP 2 249 113 A1,

are steam driers for drying moist material.

Such driers are typically continuously operated steam
driers,.iin the interior of which there is a steam
pipeworkéco-rotating with the drier and through which
a flow of the material to be dried is passed. A steam
drier cdmprises a substantially horizontal elongated
drum tofbe rotated about its longitudinal axis. The
steam pipework is provided in the interior of the drum
and combined to the drum to co-rotate with the drum.
The steah pipework is fed with water vapor, whereupon
the material to be dried is provided in heat transfer
communicétion with the steam pipework as the drum ro-
tates foi evaporating the water included in the mate-
rial, and the material is dried in the drum as it ad-
vances from a first end to a second end. The steam
drier is:fed with moist material from the first end of
the steam drier, and carrier gas 1is simultaneously
conveyedgto the interior of the drum. The dried mate-
rial andkhot and moist exhaust gas are discharged from
the second end of the steam drier. The exhaust gas
contains' carrier gas and water vapor evaporated from

the material. Solid particles are separated from the

- moist exhaust gas by a dust separator, and the exhaust

gas is then released into the atmosphere.
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For example in the case where the material to be dried

. 1s an ore concentrate stored in the open air, it may

typically include approximately 5 to 15% of water
which is heated to above 100°C in the steam drier, and
the concentrate is heated to a temperature of 100°C to
140°C. The exhaust gas discharged from the steam drier
has a water vapor content of approximately 30 to 60%
of the total amount of the exhaust gas, the rest being
carrier gas and other gaseous compounds evaporated
from the concentrate.

. Known from the prior art are also driers based on di-

rect heat transfer occurring from the combustion gases
of a fuel to be burnt in a drying chamber to the mate-
rial to be dried, in which case the combustion gases
also partially function as carrier gas. The total
amount of exhaust gas 1is greater and its water wvapor

content is lower than in a steam drier.

The problem is that the energy content of the exhaust
gas from the drier has not been utilized in any way in
the prioi art, and thus a significant portion of the
total amount of energy to be used for drying has been
lost with the exhaust gas.

. A further problem is that the material to be fed to

- the drier at the ambient temperature immediately con-

denses more moisture onto its surface as it enters the
drier at the inlet end. As this happens in the case of
a rotating steam drier, the material becomes lumpy and
sticks to the surface of the steam pipework, not mov-
ing in the interior of the drum by rolling as it
should; instead, it sticks to the pipework as the drum

rotates, rising up and crashing all down in lumps,
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hindering the functioning of the device and subjecting

the device to mechanical stresses.

OBJECTIVE OF THE INVENTION

The objective of the invention is to eliminate the

drawbacks referred to above.

In particular, it is an objective of the inventioh to
disclose a method and an apparatus by which the energy
content of the exhaust gas from the drier can be uti-
lized and the energy economy of the drying can be con-

siderably improved to provide considerable savings.

Further,éit is an objective of the invention to dis-
close a method and an apparatus improving the behavior

of the material in the interior of the drier.

SUMMARY OF THE INVENTION

The method according to the invention is characterized

" by what has been presented in claim 1. The apparatus

according to the invention is characterized by what

has beenipresented in claim 13.

According to the invention, prior to feeding the mate-
rial to ihe drier it is preheated in the method to an
elevated temperature in a preheater based on recupera-
tive indirect heat transfer, wherein the material is
preheated. by the latent energy released in a phase
transition from the vapor phase to the aqueous phase

of the water vapor included by the exhaust gas.

According to the invention, the apparatus includes a
preheater based on recuperative indirect heat transfer

for preheating the moist material to be fed to the
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drier to. an elevated temperature by the latent energy
released in a phase transition from the vapor phase to
the aqueous phase of the water vapor included in the
exhaust gas.

The advantage of the invention is that the latent en-
ergy of :the water vapor from the exhaust gas, which
has not been utilized before, can be effectively uti-
lized to preheat the material to be dried, by virtue
of which the energy requirement of the drying is re-
duced for up to 20% and considerable cost savings can
thus be 'reached. Further, it is an advantage of the
invention that the material to be dried which is pre-
heated from the ambient temperature to an elevated
temperature does not bind additional moisture to its
surface as it enters the drier, so 1its mechanical
movement properties in the interior of the drying drum
are improved. The warm material does not have any
lumping tendency. The method and apparatus is suita-
ble for‘drying any material, whether the material be
inorganic or organic. As examples of some of the pre-
ferred applications, the drying of minerals, o0il sand,
slurry, wood-based material and mixed'municipal waste

can be mentioned.

In one embodiment of the method, a preheater is provid-
ed, having a substantially vertical casing, in the inte-
rior of which there are a number of pipes which are sub-
stantially vertical or inclined relative to the vertical
direction and spaced apart from each other so that a
space is delimited in the interior of the casing of the
chamber éround the pipes for the purpose of receiving
the exhaust gas. The material to be preheated is con-
veyed to the pipes. Exhaust gas 1is conveyed to the

space surrounding the pipes so that the water vapor of

- the exhaust gas is condensed to the external surface
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of the pipes, imparting its phase transition energy to

the material passing in the interior of the pipes.

In one embodiment of the method, the material to be pre-
heated ié introduced onto a fluidized bed at the bottom
part of the preheater, from which-the material is fluid-
ized from the bottom to the top of the pipes by means of
a fluidizing gas. The preheated material is discharged
from the  top part of the preheater and conveyed to the

drier.

In one embodiment of the method, the material to be pre-
heated is introduced to the top part of the preheater,
from which the material moves down in the pipes mainly
by means of gravity, and the preheated material is dis-
charged from the bottom part of the preheater and con-

veyed to the drier.

In one embodiment of the method, the temperature of the
exhaust gas is kept above the dew point prior to the

preheater.

In one embodiment of the method, the moist material is
heated to a temperature of approximately 40 to 90°C in

the preheater.

In one embodiment of the method, the moist material con-

tains apprdximately 5 to 30% of water.

In one embodiment of the method, the exhaust gas has a
water vapor content greater than 10%.

In one embodiment of the method, the warm exhaust gas
from which water has been condensed out is discharged

from the preheater. Part of this exhaust gas is con-
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veyed to:the steam drier as a carrier gas and/or to

the preheater as a fluidizing gas.

In one eﬁbodiment of the method, part of the exhaust gas
from which water has been condensed out and which 1is
dischargéd from the preheater is directed to the bottom
part of the preheater.

In one embodiment of the method, dust is separated from
the exhaust gas by a dust separator prior to directing

it to the preheater.

In one embodiment of the apparatus, the preheater in-
cludes a casing which 1is substantially vertical or
slightly inclined relative to the wvertical direction,
and a nuﬁber of pipes provided in the interior of the
casing in parallel to and spaced apart from each other
so that a heat transfer space to which the exhaust gas
can be éonveyed is delimited in the interior of the
chamber around the pipes, the moist material to be pre-
heated being adapted to move in the interior of said
pipes for preheating the material by the latent energy
released in a phase transition of the exhaust gas pro-

vided in the exterior of the pipes.

In one embodiment of the apparatus, the preheater in-
cludes a top wall which delimits the heat transfer space
in the upward direction, and to which the top ends of
the pipes are attached in a gas tight manner. Further,
the preheater includes a bottom wall which delimits
the heat transfer space in the downward direction, and
to which the bottom ends of the pipes are attached in

a gas and water tight manner.

In one embodiment of the apparatus, the preheater in-
cludes an inlet chamber at the first end of the preheat-
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-er for receiving the material to be preheated and trans-

ferring it to the pipes. Further, the preheater in-
cludes an outlet chamber at the second end of the pre-
heater for receiving the preheated material from the

pipes and transferring it further to the drier.

In one embodiment of the apparatus, the inlet chamber is
disposed below the bottom wall and the outlet chamber is
disposed above the top wall.

In one embodiment of the apparatus, the preheater in-
cludes a fluidized bed spaced apart from the bottom wall
below the bottom wall, forming the base of the inlet
chamber to which the material to be preheated can be in-
troduced; Further, the preheater includes a gas dis-
tribution chamber disposed below the fluidized bed for
distributing a fluidizing gas to the fluidized bed for
fluidizing the material from the inlet chamber at the
bottom to the outlet chamber at the top.

In one embodiment of the apparatus, the inlet chamber is
disposed :above the top wall and the outlet chamber 1is
disposed'below the bottom wall.

In one embodiment of the apparatus, the bottom wall is
horizontal or disposed in an inclined position relative
to the horizontal direction. The preheater includes an
exhaust duct opening to the heat transfer space in the

immediate vicinity of the bottom wall for discharging

.any condensed water accumulated onto the bottom wall.

In one embodiment of the apparatus, the apparatus in-
cludes a feeding device for feeding the material to the
inlet chamber.
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In one émbodiment of the apparatus, the apparatus in-
cludes a dust separator, such as a bag filter, for re-
moving dust from the exhaust gas to be conveyed to the

preheater.

In one embodiment of the apparatus, the apparatus in-
cludes a blower for raising the pressure of the exhaust

gas to be conveyed to the preheater.

In one embodiment of the apparatus, the apparatus in-
cludes a. heating device for raising the temperature of
the exhaust gas to be conveyed to the preheater.

In one embodiment of the apparatus, the apparatus in-
cludes a first gas duct for conveying part of the ex-
haust gas to be discharged from the preheater to the

drier as.a carrier gas.

In one embodiment of the apparatus, the apparatus in-
cludes a second gas duct for conveying part of the ex-
haust gaé to be discharged from the preheater to the gas

distribution chamber as a fluidizing gas.

In one émbodiment of the apparatus, the apparatus in-
cludes azthird gas duct for conveying part of the ex-
haust gas to be discharged from the preheater to the
outlet chamber.

In one embodiment of the apparatus, the drier is a steam
drier wifh an elongated rotatable drum as the drying
chamber.; The steam drier includes a steam pipework
provided in the interior of the drum and combined with
the drum to co-rotate with the drum. The steam pipe-
work can be fed with water vapor, whereupon the mate-

rial to be dried is provided in heat transfer communi-
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cation with the steam pipework as the drum rotates for

evaporating the water included in the material.
LIST OF FIGURES

In the following section, the invention will be de-
scribed in detail using exemplifying embodiments with

reference to the accompanying drawing in which

Fig. 1 schematically illustrates a first embodiment of
the apparatus according to the invention by which one
embodiment of the method according to the invention

can be carried out,
Fig. 2 illustrates section II-II of Fig. 1, and

Fig. 3 schematically illustrates a second embodiment
of the apparatus according to the invention by which a
second embodiment of the method according to the in-

vention ¢an be carried out.
DETAILEDEDESCRIPTION OF THE INVENTION

Fig. 1 and 3 schematically illustrate an apparatus for
drying moist material. The material to be dried may
include minerals, 0oil sand, wood-based material, such
as dust. and wood bark slurry, or mixed municipal
waste. The apparatus can be added to a larger process
line to constitute a part of it, whether the process
be a smelting process, a biogasification process or

any other process.

The apparatus firstly includes, mainly in the flow di-
rection of the moist material 1, a preheater 9 from

which the preheated moist material is passed to a dry-
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ing chamber 15 of a steam drier 2, wherein the moist

material;is dried.

The dryihg chamber of the steam drier 2 is an elongat-
ed rotatéble drum 15. The interior of the drum 15 is
provided' with a steam pipework 3 combined with the
drum to co-rotate with the drum. The steam pipework 3
can be fed with water vapor, so that the water is re-
moved from the moist material by evaporation as the
drum 15 rotates and the material 1 to be dried is pro-
vided in heat transfer communication with the steam

pipework:3.

A first end 4 of the drum is provided with an inlet
connection 16 via which the interior of the drum 15
can be fed with the moist matefial 1l and a carrier gas
5. A secbnd end of the drum 15 is provided with an ex-
haust chamber 17 receiving the dried material 7 from
the drum as well as the exhaust gas 8 including carri-
er gas 5. and hot water vapor evaporated from the moist
material. In one preferred example case, the moist ma-
terial to be fed to the steam drier 2 has a water con-
tent of 5 to 20%, in which case the exhaust gas 8 will
have a water vapor content of 10 to 60%, and its tem-

perature is kept above the dew point.

From the exhaust chamber 17, the dried material 7 1is
passed for further treatment by a conveyor. The ex-
haust gas 8 is conveyed to a filter 14, wherein dust
is separated from the exhaust gas. The dust separated
at the f;lter 14 is conveyed with the dried material 7

to a next process step.

From the filter 14, the purified exhaust gas 8 is con-
veyed to the preheater 9. At this stage, the exhaust
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gas can be pressurized by a blower 26 and/or heated by
a heating device 27 as needed.

The purified moist and hot exhaust gas 8 is utilized
to preheat the moist material 1 to be fed to the steam
drier 2 ét the preheater 9 based on recuperative indi-
rect heat transfer. At the preheater 9, the moist ma-
terial 1 is preheated to an elevated temperature by
the latent energy released in a phase transition from
the vapor phase to the aqueous phase of the water va-

por included in the exhaust gas 8.

The preheater 9 includes a casing 10 which is substan-
tially vertical or slightly inclined relative to the
verticalvdirection. The casing 10 may be cylindrical
(as in Fig. 2) or shaped as a prism., With reference
likewise to Fig. 2, the preheater 9 further includes a
number of elongated pipes 11 provided in the interior
of the casing in parallel to and spaced apart from
each othér so that a heat transfer space 18 to which
the exhaﬁst gas 8 can be conveyed is delimited in the
interior of the casing 10 around the pipes 11, the
moist material 1 to be preheated being adapted to move
in the interior of the pipes 11 for heating the mate-
rial by the latent energy released in a phase transi-
tion of the exhaust gas 8 present in the exterior of
the pipes.

The preheater includes a top wall 19 which delimits
the heat' transfer space 18 in the upward direction and
to which the top ends of the pipes 11 are attached in
a gas tight manner, and a bottom wall 20 which delim-
its the heat transfer space in the downward direction
and to which the bottom ends of the pipes are attached

in a gas and water tight manner.
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In the example of Fig. 1, the preheater 9 includes an
inlet chamber 21 at the bottom end of the preheater
for receiving the material 1 to be preheated and
transferring it to the pipes 11, and an outlet chamber
22 at the top end of the preheater for receiving the
preheated material from the pipes and transferring it
further to the steam drier 2. The inlet chamber 21 is
thus disposed below the bottom wall 20 and the outlet
chamber 22 is disposed above the top wall 19. The pre-
heater 9 includes a fluidized bed 12 spaced apart from
the bottom wall 20 below the bottom wall, constituting
the base of the inlet chamber 21 onto which the mate-
rial 1 to be preheated can be introduced by a feeding
device 25 illustrated herein as a screw conveyor. Be-
low the fluidized bed 12 there is a gas distribution
chamber 23 for distributing a fluidizing gas 13 onto
the fluidized bed for fluidizing the material from the
inlet chamber 21 at the bottom to the outlet chamber
22 at thé top.

The embodiment of Fig. 3 differs from the example of
Fig. 1 ih that the flow direction of the material 1 in
the preheater 9 is oriented from the top to the bot-
tom, in which case the flow of the material 1 in the
pipes 11 is mainly gravitational. In this case, the
inlet chamber 21 is disposed above the top wall 19 and
the outlet éhamber‘ 22 1is disposed below the bottom

- wall 20. The residence time of the material in the

preheater can be adjusted based on a level detector 30
detecting the level of the material 1 in the inlet
chamber 21. A signal obtained from the level detector

- can be used to control a first rotary feeder 31 ad-

" justing the amount of the material flow discharged

from the outlet chamber 22 to the steam drier 2. In
the embodiment of Fig. 3, the feeding device 25 feed-
ing the material 1 to the inlet chamber 21 is a second



WO 2012/117145 PCT/FI12011/050171

10

15

20

25

30

35

13

rotary feeder 32. If desired, the inlet chamber 21
and/or the outlet chamber 22 can also be pressurized
for enhancing-the flow of the material 1 and for open-
ing any possible blockages.

With further reference to Fig. 1 and 3, the bottom
wall 20 may be disposed in an inclined position rela-
tive to :the horizontal direction. The preheater in-
cludes an exhaust duct 24 opening into the heat trans-
fer space 18 in the immediate vicinity of the bottom
wall 20 for discharging the condensed water accumulat-
ed onto the bottom wall.

The appaiatus of Fig. 1 includes a first gas duct 28
for conveying the exhaust gas to be discharged from
the preheater 9 into the steam drier 2 as a carrier
gas 5, and additionally a second gas duct 29 for con-
veying the exhaust gas to be discharged from the pre-
heater 9 into the gas distribution chamber 23 as a
fluidizing gas 13.

The appaiatus of Fig. 3 has a first gas duct 28 for
conveyiné part of the exhaust gas to be discharged
from the preheater 9 into the steam drier 2 as a car-
rier gas 5. In addition, a third gas duct 33 is pro-
vided for conveying part of the exhaust gas to be dis-
charged from the preheater 9 to the outlet chamber 22
of the preheater to aid the flow of the material.

The apparatus of Fig. 1 and 3 can be used to carry out
a method, wherein a steam drier 2 is rotated and con-
tinuously fed with moist material 1 to the steam drier
2 from a first end 4. Carrier gas 5 is conveyed to the
steam drier 2. Water vapor 1s conveyed via a steam
pipework'3, whereupon the heat is transferred from the

water vapor included in the steam pipework through in-
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direct heat transfer by being conducted through the
wall of the steam pipework to the material so that the
water present in the material is evaporated to water
vapor. Dried material 7 1is discharged from a second
end 6 of the steam drier, as'well as exhaust gas 8 in-
cluding Earrier gas 5 and water vapor. The temperature
of the exhaust gas 8 is kept above the dew point. The
exhaust gas 8 and the dried material 7 are separated

from each other in an exhaust chamber 17.

Prior to feeding the material 1 to the steam drier 2,
the matérial is preheated to an elevated temperature
in a preheater 9 based on recuperative indirect heat
transfer, wherein the latent energy of a phase transi-
tion from the vapor phase to the aquéous phase of the
water vapor included in the exhaust gas 8 is trans-
ferred to the preheating of the moist material 1. This
takes place in such a way as to introduce the material
1 to be preheated to a fluidized bed 12 at the bottom
part of the preheater 9, from which the material is
fluidized from the bottom to the top in pipes 11 by
means of a fluidizing gas 13. Exhaust gas 8 is con-
veyed tb a heat transfer space 18 surrounding the
pipes 11 so that the water vapor of the exhaust gas 8
is condensed to the outer surface of the pipes 11, im-
parting :its phase transition energy to the material 1
which passes in the interior of the pipes and which is
heated to a temperature of approximately 40 to 90°C.
The preﬁeated material 1 is discharged from the top
part of ithe preheater and conveyed to the steam drier
2.

In the embodiment of Fig. 3, the material 1 to be pre-
heated is introduced to the top part of the preheater
9, from which the material moves down in the pipes 11

mainly by means of gravity, and the preheated material
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1 is diécharged from the bottom part of the preheater
and conveyed to the steam drier 2.

At leastfpart of the warm exhaust gas 8 from which wa-
ter has been condensed out and which is discharged
from the preheater 9 can be conveyed to the steam dri-
er 2 as a carrier gas 5 by a first gas duct 28. Addi-
tionally in the embodiment of Fig. 1, part of the ex-
haust gas discharged from the preheater can be con-
veyed to the preheater 9 as a fluidizing gas 13 by a
second gas duct 29. Further in the embodiment of Fig.
3, part of the exhaust gas discharged from the pre-
heater can be conveyed to the exhaust chamber 22 by a
third gas duct 33.

While the invention has been described in the embodi-
ment examples presented above in conjunction with a
steam drier, the invention is not exclusively limited
to be used in conjunction with a steam drier; instead,
any drier known to a person skilled in the art may be

used as the drier within the scope of the invention.

The invention is not limited merely to the exemplify-
ing embodiments referred to above; instead, many vari-
ations are possible within the scope of the inventive
idea defined by the claims.
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CLAIMS

1. A method for drying moist material (1) by an appa-
ratus including a drier (2), in which method

- moist material (1) is continuocusly fed to
the drier (2) from a first end (4) of the drier,

- the material is heated in the drier so that
the water present in the material evaporates to water
vapor,

- dried material (7) and hot and moist ex-
haust gas (8) including the water vapor evaporated
from the material (1) are discharged from a second end
(6) of the drier, and

- - the exhaust gas (8) and the dried material
(7) are separated from each other, character-
ized in that
prior to feeding the material (1) to the steam drier,
(2) the material is preheated to an elevated tempera-
ture in é preheater (9) based on recuperative indirect
heat trahsfer, wherein the latent energy released in a
phase transition from the vapor phase to the aqueous
phase of the water vapor included in the exhaust gas
(8) is transferred to the preheating of the moist ma-
terial. '

2. The method according to claim 1, character-
ized in that

}— a preheater (9) is provided, having a sub-
stantially vertical casing (10) in the interior of
which there is a number of pipes (11) which are sub-
stantially vertical or inclined relative to the . verti-
cal direction and which are spaced apart from each
other so that a space is delimited in the interior of
the casihg around the pipes for the purpose of receiv-
ing the exhaust gas (8),
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- the material (1) to be preheated is con-
veyed to the pipes (11), and

- exhaust gas (8) 1is conveyed to the space
surrounding the pipes (11) so that the water vapor of
the exhaust gas is condensed to the outer surface of
the pipes, imparting its phase transition energy to

the material (1) passing in the interior of the pipes.

3. The method according to claim 1 or 2, charac-
terized in that the material (1) to be preheated
is intrdduced onto a fluidized bed (12) at the bottom
part of ‘the preheater (9), from which the material is
fluidized from the bottom toward the top in the pipes
(11) by means of a fluidizing gas (13), and the pre-
heated material (1) is discharged from the top part of
the preheater and conveyed to the drier (2).

4. The method according to claim 1 or 2, charac-
terized in that the material (1) to be preheated
is introduced to the top part of the preheater (9),
from which the material moves down 1in the pipes (11)
mainly by means of gravity, and the preheated material
(1) is discharged from the bottom part of the preheat-
er and conveyed to the drier (2).

5. The method according to any one of claims 1 to 4,

characterized in that the drier (2) is a con-
tinuously operated rotating steam drier (2) in the in-
terior of which there is a steam pipework (3) co-
rotating with the drier, and in which method the steam
drier (2) is rotated and water vapor conveyed via the
steam pipework {(3), as a consequence of which the heat
is transferred from the water wvapor included in the
steam pipework through indirect heat transfer by being

conducted through the wall of the steam pipework to
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the material so that the water present in the material

evaporates to water vapor.

6. The method according to any one of claims 1 to 5,
characterized in that the temperature of the
exhaust gas (8) before the preheater (9) is kept above
the dew point.

7. The method according to any one of claims 1 to 6,
characterized in that the moist material (1)
is heated to a temperature of approximately 40 to 90°C
in the pfeheater (9).

8. The method according to any one of claims 1 to 7,
characterized in that the moist material (1)

includes: approximately 5 to 30% of water.

9. The method according to any one of claims 1 to 8,
char acte rized in that the exhaust gas (8) has

a water Vapor content greater than 10%.

10. The method according to any one of claims 1 to 9,
characterized in that warm exhaust gas (8)
from which water has been condensed out is discharged
from the preheater (9), and part of the exhaust gas (8)
is convéyed to the drier (2) as a carrier gas (5)
and/or to the preheater (9) as a fluidizing gas (13).

11. The method according to claim 4, character -
ized in that part of the exhaust gas (8) from which
water has been condensed out is conveyed to the bottom
part of the preheater (9).

12. The method according to any one of claims 1 to 11,

char agc terized in that the dust is separated
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from the exhaust gas (8) by a dust separator (14) pri-

~or to conveying it to the preheater (9).

13. An apparatus for drying moist material, which ap-
paratus includes a drier (2) including

-~ a drying chamber (15),

- an inlet connection (16) at a first end (4)

of the drying chamber, via which inlet connection the

- moist material (1) can be fed to the interior of the

drying chamber, and

- an outlet chamber (17) at a second end (6)
of the drying chamber for receiving from the drying
chamber the dried material (7) the and exhaust gas (8)
including water vapor evaporated from the moist mate-
rial, c haracterized in that the apparatus in-
cludes a preheater (9) based on recuperative indirect

heat transfer for preheating the moist material (1) to

- be fed to the drier (2) to an elevated temperature by

the latent energy released in a phase transition from
the vapor phase to the aqueous phase of the water va-

por included in the exhaust gas.

14, Theiapparatus according to claim 13; charac-
te rj_z:eci in that the preheater' (9) includes

- a casing (10) which is substantially verti-
cal or élightly inclined relative to the vertical di-
rection,fand

.= a number of pipes (11) provided in the in-
terior of the casing in parallel to and at a distance
from each other so that a heat transfer space (18) to
which the exhaust gas (8) can be conveyed is delimited
in the interior of the casing around the pipes, the
moist material (1) to be preheated being adapted to -
move in the interior of the pipes for preheating the

material: by the latent energy released in a phase
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transition of the exhaust gas (8) present in the exte-

rior of the pipes.

15. The apparatus according to claim 14, charac-
terized 1in that the preheater includes a top wall
(19) which delimits the heat transfer space (18) in
the upward direction and to which the top ends of the
pipes (11) are attached in a gas tight manner, and a
bottom wall (20) which delimits the heat transfer
space in the downward direction and to which the bot-
tom ends of the pipes are attached in a gas and water

tight manner.

16. Thé apparatus according to claim 14 or 15,

characterized in that the preheater (9) in-

. cludes &n inlet chamber (21) at the first end of the

preheater for receiving the material (1) to be pre-
heated and transferring it to the pipes (11), and an
outlet chamber (22) at the second end of the preheater
for receiving the preheated material from the pipes

and transferring it further to the drier (2).

17. The‘apparatus according to claim 16, charac-
terized in that the inlet chamber (21)y 1s dis-
posed below the bottom wall (20) and the outlet cham-

ber (22) is disposed above the top wall (19).

18. The apparatus according to claim 17, charac-
terized in that the preheater (9) includes a flu-
idized bed (12) spaced apart from the bottom wall (20)
below the bottom wall, forming the base of the inlet
chamber (21) onto which the material (1) to be pre-
heated can be introduced, and a gas distribution cham-
ber (23) below the fluidized bed (12) for distributing
a fluidizing gas (13) onto the fluidized bed for flu-
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idizing the material from the inlet chamber (21) at
the bottom to the outlet chamber (22) at the top.

19. The apparatus according to claim 16, charac-
teri zve<d in that the inlet chamber (21) is dis-
posed above the top wall (19) and the outlet chamber
(22) is disposed below the bottom wall (20).

20. The apparatus according to any one of claims 13 to
19, characterized in that the bottom wall
(20) is horizontal or is provided in an inclined posi-
tion reiative to the horizontal direction; and that
the preheater includes an exhaust duct (24) opening to
the heat transfer space (18) in the immediate vicinity
of the bottom wall (20) for discharging the condensed
water accumulated onto the bottom wall.

21. The‘apparatus according to any one of claims 13 to
20, characterized in that the apparatus in-
cludes & feeding device (25) for feeding the material
to the inlet chamber (21).

22. The apparatus according to any one of claims 13 to
21, characterized‘ in that the apparatus in-
cludes a dust separator (14), such as a bag filter, for
removing the dust from the exhaust gas (8) to be con-
veyed to the preheater (9).

23. The apparatus according to any one of claims 13 to
22, characterized in that the apparatus in-
cludes a blower (26) for raising the pressure of the

exhaust gas (8) to be conveyed to the preheater (9).

24, The apparatus according to any one of claims 13 to
23, characterized in that the apparatus in-

cludes a heating device (27) for raising the tempera-
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ture of the exhaust gas (8) to be conveyed to the pre-
heater (9). '

25. The apparatus according to any one of claims 13 to
24, characterized in that the apparatus in-
cludes a first gas duct (28) for conveying part of the
exhaust gas to be discharged from the preheater (9) to

the drier (2) as a carrier gas (5).

26. The apparatus according to any one of claims 18 to
24, characterized in that the apparatus in-
cludes a. second gas duct (29) for conveying part of
the exhaust gas to be discharged from the preheater
(9) to the gas distribution chamber (23) as a fluidiz-
ing gas (13).

27. The apparatus according to any one of claims 16 to
24, characterized in that the apparatus in-
cludes a third gas duct (33) for conveying part of the
exhaust gas to be discharged from the preheater (9) to
the outlet chamber (22).

28. The apparatus according to any one of claims 13 to
27, ch a racterized in that the drier is a
steam driér (2) having an elongated rotatable drum (15)
as the diying chamber (15), the steam drier (2) in-
cluding a steam pipework (3) which is provided in the
interior of the drum and combined with the drum to co-
rotate with the drum, and which steam pipework can be
fed with water vapor, whereupon the material to be
dried is provided in heat transfer communication with
the steam pipework as the drum rotates for evaporat-

ing the water included in the material.
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